The aim of this study is to analyze the changes on thymoquinone content, which is the major constituent of black cumin (Nigella sativa L.) seeds, by using priming methods. For the priming studies, seeds placed in distilled water (18 -20 hours), PEG (Polyethylene glycol 10%, 20%) and mannitol (4% and 6%) for 20 hours and subsequently dried for 24 hours on blotting paper at room temperature (24 o C ± 1 o C). The best priming results were obtained in the 4% of mannitol treatment. Control (not primed) Nigella seeds and 4% of mannitol primed seeds were planted in both greenhouse and farm conditions. Seed extracts were analyzed with HPLC to compare the amount of thymoquinone. The results reveal that seed priming with 4% of mannitol increases the amount of thymoquinone in Nigella sativa. In addition, the effects of plant growth hormones on callus regeneration of these primed seeds were investigated herein.
Introduction
The seeds of Nigella sativa L., commonly known as black cumin, black seed, "Habbat ul Sawda", "çörek otu" and "siyah kimyon", have been extensively researched regarding their medicinal and economic status, particularly in recent years. It is well-known and grows in many parts of Turkey [1, 2] .
Millions of people in the Mediterranean region including Turkey use black cumin seeds and seed oils for traditional medicine. The pharmacological properties that have been reported are: antiinflammatory effect [3] [4] [5] , cytotoxic effect [6] [7] [8] [9] , antihistaminic effect [10] , antimicrobial effect [11, 12] , antioxidant effect [13] [14] [15] , effects on cancer and the immune system [16, 17] anti-inflammatory effect [18] , anti-allergic effect [19] , and antimicrobial effect [20] . One of the most active constituents of essential oil (0.4-0.45%) is thymoquinone (TQ), which has different beneficial properties [21] such as an antioxidant effect [22] , antiulcer effect [23] , and anti-inflammatory effect [3] . It is possible to minimize the incurred bio-hazards if germination and seedling emergence is accelerated by priming, which means that germination is allowed until the radicle emerges from the seed. This process was described for the first time by Anwar Khan and includes seed soaking in tap/distilled water or osmotic solution, etc. In this process, seeds are partially or completely soaked, and are then dried so that the germination processes can begin but radical emergence does not occur. With this treatment, it is possible to obtain better biological functions in terms of germination and seedling establishment [24] during the lag phase (second stage of seed priming) with increased RNA and protein synthesis [25] , faster embryo growth [26] and reduced leakage of metabolites [27] . When the seeds are germinated or reach the postgerminated/seedling stage and are exposed to abiotic stress (particularly oxidative stress), they release different chemical compounds (such as O2, singlet oxygen (O), hydrogen peroxide (H2O2), free OH radicals) and reactive oxygen species (ROS) molecules [28, 29] . However, if these substances exceed their threshold levels, they could have deleterious effects on cells. At this time, plants activate their defensive mechanisms in the chloroplasts, cytosol, mitochondria, paroxysms and apoplast [30, 31] . For quantifying thymoquinone in Nigella sativa seed oil, HPLC is utilized to quantify the thymoquinone, which is one of the active constituents in the seed oil and seed extracts of Nigella sativa.
This study was conducted with the aim of observing the effects of seed priming on the investigated traits of Nigella sativa seeds, in order to determine whether there is a relationship between priming with different doses of mannitol and the amount of thymoquinone.
Materials and Methods

Plant material, preparations and treatments
Priming conditions
Distilled water, PEG (10% and 20%) and mannitol (4% and 6%) treatments were used for priming. Seeds were immersed fully in these solutions for 20 hours and dried on filter papers at room temperature for 24 hours. A total of 50 seeds of each treatment and non-primed (control) seeds were germinated between two filter papers (20 x 20 cm) in a germinator at room temperature. Seed germination was recorded daily until 17 days after the start of the experiment. When the radicle emerged by about 2 mm in length, a seed was considered as germinated according to ISTA rules.
Germination percentage was determined at the end of test. The values on the 7 th day of the test were recorded for germination speed and the values on the 17 th day of the test were recorded for germination power according to ISTA rules. To determine the radicle and plumule length after the 17 th day, radicles and plumules of 10 seedlings produced in each treatment were separated from the seeds. Their lengths were measured in cm and weighted to calculate seedling wet weight, then dried at 80 °C for 24 hours to determine seedling dry weight. Averages for both wet and dry weights were determined as mg/seedling.
Greenhouse and field experiments
This experiment was conducted in the greenhouses of the Ankara University Faculty of Agriculture Field Crops Department during the trial period. The aim of this study was to determine the effects of priming on the thymoquinone amount in Nigella sativa. Before the experiments started, pots were filled with soil mix (soil + sand+ fertilizer). Each pot was planted with both 10 control (not primed) and primed (4% mannitol) seeds. In order to standardize the plant amount, the number of plants in each flower pot was reduced to 5 after the output. Each flowerpot was watered equally and controlled on a daily basis.
For the field experiments, primed (4% mannitol) seeds were dried for 24 hours at room temperature and planted with control seeds in a field in April.
Chemicals and materials
HPLC grade water methanol and 2-propanol (50:45:5) (Fisher Scientific, Pittsburgh, PA) were used. Millipore filtered water was obtained using a Milli-Q system (Millipore Corp., Milford, MA), Thymoquinone standard (Sigma, St. Louis, MO) was purchased and dissolved in HPLC grade methanol for the analysis. For tissue culture, 3% sucrose, 0.7% Agar (Type A, Sigma) and Magenta vessels (Sigma -Aldrich GA-7) were used.
Seed extraction
A total of 5 g powdered Nigella sativa seeds were stirred with 200 mL methanol for 2 hours, filtered and then evaporated by using a rotary evaporator. The residual was dissolved gradually with methanol and completed to 50 mL with methanol.
Oil extraction
20 µL of black cumin oil was applied to the SPE (Solid phase extraction) C18 cartridge, eluted by 2 x 400 µL methanol.
HPLC conditions
An HPLC system composed of a model Agilent Technologies 1200 series was used including a binary pump, vacuum degasser, auto sampler, diode array detector. Column: Eclipse XDB-C18 column (150 mm x 4.6 mm, 5µm). An isocratic mobile phase was used: a watermethanol -2-propanol (50:45:5) mixture was used for separation at a flow rate of 0.9 mL min -1 . Analysis time was 28 min. and the detection wavelength was set at 254 nm. The injection volume was 10 µL for each sample and standard solution. Concentration calculations regarding the quantitative analysis were performed with external standardization by measurement of peak area values. This method was modified from Ghosheh et al's study [33] .
In vitro plant regeneration experiments 2.6.1. Tissue culture medium
For tissue culture experiments, MS (Murashige and Skoog) mineral salt and vitamins, 3% sucrose and 0.7% agar (Type A, Sigma) were used for plant growth medium. The pH of the mediums was arranged to 5.6 -5.8 by using 1 N HCl or 1 N NaOH. They were sterilized under 118 kPa pressure at 121 °C for 20 minutes. Hypocotyl, cotyledon and cotyledon node explants of 7-10 day old plants from sterilized seeds were used for callus reproduction.
Plant regeneration
For investigating the effect of plant growth hormones on callus reproduction, different hormone combinations of TDZ (tidiazuron) (0.25, 0.5, 0.75 mg/L), Kinetin (0.5,0.75 and 1 mg/L) and BAP (benzyl aminopurine) (0.05, 0.25, 0.5 and 1 mg/L) combined with NAA (naphthalene acetic acid) (1 mg/L) were used on of hypocothyl, cothyledon node and cothyledon explants. After the plant regeneration experiment, obtained calluses were evaluated according to the shoots and shoot lengths and the shoots were placed individually into various rooting environments ( Figure 1 ). 
Results and Discussion
Results of priming application
The values from the 7 th day of the test were recorded for germination speed, while the values from the 17 th day of the test were recorded for germination power and calculated with the ISTA rules by percentage as shown in Table 1 . The highest and lowest results were obtained from 4% mannitol primed seeds (98%) and control (70%) seeds, respectively.
The results of the plumule and radicle wet and dry weights were calculated by using the Duncan test, as shown in Table 1 . Concentration calculations regarding the quantitative analysis performed with external standardization method by measurement of peak areas. For the calibration curve, 10 mg standard thymoquinone dissolved in 10 mL methanol as a stock solution. Ten concentrations of thymoquinone standard (0.5 -750 ppm) prepared by dilution of stock solution. The calibration curve calculated applying the least-squares method to concentration versus peak area. LOD (limit of detection) and LOQ (limit of quantification) was established at 3.3 and 10 multiply of a standard deviation over slope, respectively. LOD, LOQ, r 2 , calibration equation value, recovery and RSD values were given at Table  3 .
Accuracy
Three different concentrations of thymoquinone (0.5, 1 and 5 ppm) were prepared and injected 3 times at three different levels as a test sample. The accuracy, defined as % deviation of the calculated concentrations from the actual concentrations are evaluated. According to the results, accuracy found as maximum 1.6% deviation and this proves that the method is deemed to be accurate. The deviation percentage was calculated with using the following equation (1):
% Deviation = (Spiked Concentration -Mean Measured Concentration) x 100
(1) Spiked Concentration
Precision
The precision of the method (within-day variations of replicate determinations) was controlled by 9 times of thymoquinone (5 ppm) injection. The precision of the method has uttered with 0.26 % RSD.
Method robustness
The robustness of the method was appraised by changing the ratios of water, methanol and 2propanol, column temperature (25 -35 o C ), and flow rate (0.8, 0.9 and 1 mL / min.). After each change, a thymoquinone standard solution was injected three times for the determination the effects of changes on results. After the examination of chromatograms which was gained from these various conditions it can be stated that the method is quite robust.
Uncertainty of analytical procedure
The uncertainty of analytical procedure was calculated using the following equation (2): urel.proc=RSDpooled= (n1-1).RSD1 2 + (n2-1).RSD2 2 + (n3-1).RSD3 2 +… (2) (n1-1)+ (n2-1)+… According to this formula; RSD1 is the relative standard deviation calculated for the sample at concentration 1, n1 is the number of replicates for that sample, and so on. As a result of the calculations with calibration data, urel.proc was found as 2.82.
Nigella sativa oil extraction results
The results of data validation show that Nigella sativa oil extract is found to contain 68.9 mg/kg of thymoquinone. The thymoquinone concentration of Nigella sativa oil extract is shown in Table 2 . 
Greenhouse study results
The results of the greenhouse studies show that the 4% mannitol primed seed extraction has a greater concentration of thymoquinone than the control seed (not primed) extraction (Table 2 ). This means that priming with 4% mannitol increases the thymoquinone amount in Nigella sativa. Chromatograms of these extracts are shown in Figure 2 . 
Field study results
The results of field studies show that there is a higher concenration of thymoquinone in seed extracts taken from the farm in comparison to the control and greenhouse results ( Table 2) . Chromatograms are shown in Figure 2 .
Two different experiments (greenhouse and field experiments) were performed to obtain seeds extracts of Nigella sativa, and specified method with HPLC was utilized in order to evaluate the thymoquinone amount. As a result of the analyses conducted, the samples with the highest amount of thymoquinone were obtained in the seed primed with 4% mannitol in field conditions. Furthermore, the lowest amount of thymoquinone was found in control seeds that had not been primed.
A review of previous studies in the literature revealed that Ghosheh et al. [32] reported amount of thymoquinone in Nigella sativa oil about 0.052; in another study El-Alfy et al. [33] reported that the amount of thymoquinone in Nigella sativa oil was about 0.13-0.17 by using Gas chromatography.
In another study with the aim of determining the amount of thymoquinone in seed oil, a quantity of thymoquinone between 0.008-0.01 was reported [34] . Tauseef Sultan et al. [35] the amount of thymoquinone was found to be about 201.31 mg/kg in oil. Houghton et al. [3] , reported 0.2% w/v thymoquinone in Nigella sativa oil In another study, Lutterodt et al [36] , obtained a volume of thymoquinone in black seed oil in 6 cold press ratio of between 3.48 and 8.73 mg/g oil. Additionally, Al-Saleh et al. [37] determined the amount of thymoquinone in Nigella sativa seeds collected from different regions of the Middle East and found the maximum rate of thymoquinone among the samples tested was 3098.5 mg/kg and the least was 1274.6 mg/kg.
Yehualashet and Ermias conducted a study to compare the amount of thymoquinone in oil and seeds of black cumin with HPTLC and found 1.0% in seeds and 1.3% in oil [38] . In Crina Toma et al.'s study, the amount of thymoquinone in Nigella sativa seeds was determined to be 1.65% by using the GC-MS method [39] .
When we compare this study results with our previously conducted study, which investigated the thymoquinone content in Nigella sativa commercial seeds, seed oils and seed oil capsules [40] , the thymoquinone values of seeds primed with 4% mannitol are consistent with each other.
In our study, the values we found in seed and oil are consistent with those in the literature detailed above. In addition, when we used seeds primed with 4% mannitol, the amount of thymoquinone in the seeds and oil was increased. According to the research reports, this is the first study to investigate the thymoquinone content in Nigella sativa seeds by using seed priming.
Results of in vitro plant regeneration experiments
For the investigation of callus percentages, shoot numbers and shoot lengths, each hormonized medium was tried on all of the explants (hypocotyl, cotyledon node and cotyledon). Some of the explants did not give any results, which may be associated with the conditioning room.
Whole medium concentration's callus percentages, shoot numbers and shoot lengths are summarized in Table 4 . To the best of our knowledge, the in vitro plant regeneration of Nigella sativa has not been investigated previously with growth hormones and growth hormone combinations, which were investigated in this study. According to our results, the best callus ratio is associated with the NAA (combined with 0.05 mg/L BAP) growth hormone on cotyledon node. For future studies, the aim will be to determine the amount of thymoquinone through extraction of these obtained calluses.
Conclusion
The effect of seed priming was investigated to determine thymoquinone quantitatively by HPLC. To the best of our knowledge, this is the first study that has applied seed priming for examine the priming effect on the black cumin seed major compound thymoquinone.
Furthermore, although two different priming studies have been conducted on Nigella sativa seeds, neither of them investigated the difference in thymoquinone content.
Increasing the thymoquinone amount by priming with 4% mannitol may be associated with an increase in the expression of the gene that produces thymoquinone, as a result of the cellular osmotic stress. Mannitol creates osmotic stress in cells and consequently, plasmolysis occurs, the plant reacts like it is in danger and ultimately increases its thymoquinone content. According to these results, it is recommended that seed priming is applied with 4% mannitol in order to increase the amount of thymoquinone in black cumin seeds.
In this study, the results demonstrate that priming with 4% mannitol has an effect on increasing the amount of thymoquinone. In line with the obtained results, thymoquinone rich seeds can be obtained and this will increase the value of the products commercially. Through this study, a significant contribution has been made to the production of standardized herbal raw materials, which is a very important process for the pharmaceutical industry. In terms of the effect of this contribution on the pharmaceutical industry, our study has considerable importance in terms of biotechnology.
